
Figure 1 1 The IL-12 cytokine family. IL-12, IL-23, IL-27 and IL-35 are heterodimeric cytokines 
that have shared and unique subunits and binding receptor components. In addition to their 
structural relationship, the IL-12 family members attivate overlapping JAK-STAT-signaling 
pathways. Abbreviations: JAK, tyrosine-protein kinase JAK; TYK2, nonreceptor tyrosine-protein 
kinase; STAT, signal transducer and activator of transcription. 
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Figure 3 The IL-12 family of cytokines as an 
immunological nexus. Members of the IL-12 
cytokine family mediate myriad functional 
connections and effects. Green arrows indicate 
actions that result in proinflammatory or 
prostimulatory effects; red arrows indicate 
actions that result in inhibitory effects (even 
though in some cases this is mediated by an 
upregulatory event, such as the induction of 
Tri cells by IL-27); and black arrows indicate 
upregulation (upward arrow) or downregulation 
(downward arrow). 



Box 2 The IL-12 cytokine family 'resumé' 

• IL-12 is a proinflammatory cytokine produced by dendritic cells, macrophages and B cells in response to microbial pathogens 36 ' 82 . 
A positive feedback loop is established whereby IL-12-induced production of IFN-7 by T cells primes additional antigen-presenting 
cells for IL-12 production and facilitates T H 1 differentiation. IL-12 can also induce the production of IFN-7 by naturai killer cells. 

• IL-23, like IL-12, is a proinflammatory cytokine that is also produced by activated dendritic cells and macrophages in response to 
microbial pathogens, which is enhanced by interactions between the costimulatory molecule CD40 and its ligand 4 ' 14 ' 83 . It also induces 
expression of IL-23R, which creates a positive feedback loop that enhances IL-23 expression. However, it differs from IL-12 in having 
a key role in T H 17 development by stabilizing IL-17 expression and the T H 17 phenotype, but it is not a differentiation factor for T H 17 
cells 84 . In addition, IL-23 is criticai for inducing a pathogenic phenotype in T H 17 cells. 

• IL-27 is mainly an inhibitory cytokine but may have some prostimulatory functions 6 ' 7 ' 83 ' 8586 . IL-27 is often generated during the 
resolution phase of an autoimmune response by locai antigen-presenting cells. Furthermore, diverse stimuli (including nT reg cells, IFN-p, 
ligands for Toll-like receptors, and statins) can induce IL-27 production by antigen-presenting cells and thereby limit the induction of 
inflammation 8788 . Although IL-27 alone has no apparent direct stimulatory properties, in combination with IL-12 and/or IL-2 it can 
induce IFN-7 production by T cells and naturai killer cells 41 . IL-27 can inhibit IL-2 production limiting the proliferation of nT reg cells 
and T cells, but IL-2 can antagonize those effects by inhibiting the expression of IL-27R (WSX-1) 37 38 . IL-27 can inhibit the develop- 
ment of T H 17 cells and induce the development of an IL-10-producing Tri celi— like regulatory population, in part by inducting 
c-Maf 42 " 45 . IL-27-induced c-Maf expression can also facilitate the development of follicular helper T cells via the induction of IL-2 1 
and thereby modulates the development and function of B cells 86 89 . 

• IL-35 is a potent inhibitory cytokine produced by mouse and human T reg celi populations 110 and is required for their maximal sup- 
pressive capacity 5163 . IL-35 suppresses T celi proliferation by inducing cell-cycle arrest in GÌ phase without inducing apoptosis 5153 * 90 . 
Like TGF-0 and IL-10, IL-35 can elicit the development of iTr35 cells, a population of induced T reg cells that suppress via IL-35 but 
does not express Foxp3, IL-10 or TGF-0 5363 . Inhibition mediated by human and mouse nT reg cells converts the suppressed target T celi 
population into iTr35 cells, which contribute to the regulatory milieu in inflammatory sites 53 63 . Several reports have also shown that 
IL-35 seems to serve an immunomodulatory role in a wide variety of disease conditions 53 90 " 97 . IL-35 may be most influential at sites of 
high inflammation and strong activation of nT reg cells. 



Proliferation and 
differentiation=> 

effector and 
memory T cells 



FIGURE 9-11 Biologie actions of IL-2. IL-2 stimulates the 
survival and Droliferation of T Ivrrmhocvtes actina as an autocrine arowth 



Antigen Lymphocyte Clonai nifferentiation 
recognition activation expansion 



Effector 
functions 




Activation of 
macrophages, 
B cells, 
other cells; 
inflammation 



Naive 
CD8+ 
Tcell 



Killing of 
infected 
"target cells"; 
macrophage 
activation 



Lymphoid organ 



Memory 
CD8+ 
Tcell 

Peripheral tissue 



FIGURE 9-2 Phases of T celi responses. Antigen recognition by T cells induces cytokine (e.g., IL-2) secretion, particularly in CD4 + T cells, 
clonai expansion as a result of celi proliferation, and differentiation of the T cells info effector cells or memory cells. In the effector phase of the 
response, the effector CD4 + T cells respond to antigen by producing cytokines that have several actions, such as the recruitment and activation of 
leukocytes and activation of B lymphocytes, and CD8 + CTLs respond by killing other cells. 
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FIGURE 9-10 Regulation of IL-2 receptor expression. Resting (naive) T lymphocytes express the IL-2R[*y complex, which has a moder- 
ate affinity for IL-2. Activation of the T cells by antigen, costi mulators, and IL-2 itself leads to expression of the IL-2Ra chain and high levels of the 
high-affinity IL-2Rafty complex. 
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FIGURE 9-8 Changes in surface molecules after T celi activation. A, The approximate kinetics of expression of selected molecules 
after activation of T cells by antigens and costi mulators are shown. The illustrative examples include a transcription factor (c-Fos), a cytokine (IL-2), 
and surface proteins. These proteins are typically expressed at low levels in naive T cells and are induced by activating signals. CTLA-4 (not shown) 
is induced 1 to 2 days after activation. The kinetics are estimates and will vary with the nature of the antigen, its dose and persistence, and the type 
of adjuvant. B, The major functions of selected surface molecules are shown and described in the text. 
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Table 2. Immunotherapy with IL-2. 
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Figure 1 | Cytokine receptors that contain the common cytokine-receptory-chain. lnterleukin-21 (IL-21) isa member 
of afamily of cytokines that bind receptors that contain the common cytokine- receptor y-chain (y c ). Each of these receptors 
also has distinctive components: for exainple t the IL-21 receptor also contains the subunit IL-21 R t and the IL-2 receptor also 
contains a unique c/.-subunit (IL-2R«) and a p-subunit (IL-2Rf3). Ligand binding to these receptors activates unique Janus 
activated kinase (JA^-signal traisducer and activator of transcription (STAT) and other signalling pathways t 7/hich lead to 
distinct cellular responses to these cytokines. The main effects of each of these y.-dependent cytokines are shown. Mutations 
in y c result in X-linked severe combined immunodeficiency p(SCID) t owing to a disruption of signalling through multiple receptors. 
NK, naturai killer; T H 2 celi, T helper 2 celi; ~L celi, CD4+CD25+ regulatory T cell. 
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FIGURE 8.6 Phenotypes in mice and humans associateci with known defeets in IL-2, IL-2Ra, IL-2Rp, y c , and Jak3. 



Summary 

• Natural-killer (NK) cells are important components of the innate immune system. 
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Fig. 1 . Trans-presentation of IL-1 5 to I L- 1 5-responding celi , A. Synth esis of I L-l 5 and 
IL-15Ra in trans- pres enti ng cell. lL-15Ra combines with IL- 15 in endoplasmic 
reticulum and transports IL- 1 5 through Golgi network to the celi membrane [45]. B. 
IL15-Ra can now trans-present 1L-15 to responding cells displaying IL-2/15R(37c 
receptor. Although some signaling properties have been assigned to IL-15Ra [70] 
and it may bepresent in the IL- 1 5 receptor, the affini ty ofIL-2/1 5Rftyc is not further 
increased by the presence of IL-15Ra [43,48] and it is dispensable for celi response 
to IL- 15 |43|. 




Fig. 2. Antitumor activity of IL-15.The most important efifects of IL-15, exerted on cells of the immune system, which may participate in the development of the 
immune response. 




FIG. 29.1. Helper T Celi Fates. In response to the distinct 
cytokine milieu elicited by different microbial pathogens, 
naìve T cells become specified to produce selective cytokine 
repertoires. For instance, intracellular pathogens can induce 
production of interleukin (IL)-12, which acts via STAT4 to 
promote differentiation of Thelper (Th)1 cells that selectively 
produce interferon-yand not other cytokines. Likewise, hel- 
minthes induce IL-4 production, which acts via STAT6 to drive 
cells toward a Th2 phenotype characterized by IL-4 secre- 
tion. Fungi and extracellular bacteria elicit secretion of IL-23 
and IL-6, which activate STAT3 and produce CD4 cells that 
produce IL-17, so-called Th17 cells. Each of these effector 
cells express transcription factors that enforce commitment 
to these distinctive phenotypes. These transcription factors 
can be referred to as "master regulators." Other cluster of 
differentiation (CD)4 T cells reside in germinai centers and 
provide help to B cells. This subset of CD4 T cells is termed 
follicular helper cells. Another subset of CD4 T cells arises 
in the thymus and expresses the transcription factor Foxp3. 
These cells are termed naturai regulatoryT cells. Foxp3 can 
also be induced in cells in the periphery and these cells are 
~* 9 termed induced Treg cells. Foxp3+ regulatory T cells are 
criticai for constraining immune responses. 
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FIGURE 9-15 Development of T H 1 cells. IL-12 produced by 
dendritic cells and macrophages in responso to microbes, including 
intracellular microbes, and IFN-y produced by NK cells (ali part of the 
early innate immune responso to the microbes) attivate the tran script io n 
factors T-bet, STATI, and STAT4, which stimulate the differentiation of 
naive CD4* T cells to the Th1 subset IFN-y produced by the Th1 cells 
amplifies this responso and inhibits the development of Th2 and Th17 
cells. 
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FIGURE 9-15 Development of T H 1 cells. IL-12 produced by 
dendritic cells and macrophages in response to microbes, including 
intracellular microbes, and IFN-y produced by NK cells (ali part of the 
early innate immune response to the microbes) a et ivate the tran script io n 
factors T-bet, STATI, and STAT4, which stimulate the differentiation of 
naive CD4* T cells to the Th1 subset IFN-y produced by the Th1 cells 
amplifies this response and inhibits the development of Th2 and Th17 
cells. 
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FIGURE 10-5 Functions of T H 1 cells. CD4 + T cells that differ- 
entiate into Th1 cells secrete IFN-y, which acts on macrophages to 
increase phagocytosis and killing of microbes in phagolysosomes and on 
B lymphocytes to stimulate production of IgG antibodies that opsonize 
microbes for phagocytosis. The cells also produce TNF, which activates 
neutrophils and promotes inflammation (not shown). 




ecior Tuncnons ot i 




i cei 


IS 



Microbes % 



Macrophage 
activation 

(enhanced 
microbial 
killing) 




Naive CD4+ 
J celi 



Opsonization and 
phagocytosis 




Complement 
binding and 
opsonizing 
antibodies 



Neutrophil 
activation 

(enhanced 
microbial 
killing) 



Helminths 



Naive T celi 





Mast cells, 
eosinophils? 



Amplification 



Th2 cells 



♦ 

O 
O 



IL-4 



IL-5 



Effector functions: 
IgE production 
Eosinophil activation 
IL-13 =£f Mucosa I secretions 



FIGURE 9-16 Development of T H 2 cells. IL-4 produced by 
activated T cells themselves or by mast cells and eosinophils, especially 
in response to helminths, activates the transcription factors GATA-3 and 
STAT6, which stimulate the differentiation of naive CD4 + T cells to the 
Th2 subset. IL-4 produced by the Th2 cells amplifies this response and 
inhibits the development of T H 1 and T H 17 cells. 
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FIGURE 10-9 Functions of 
T H 2 cells. CD4 + T cells that dif- 
ferentiate into T H 2 cells secrete IL-4, 
IL-5, and IL-13. IL-4 (and IL-13) acton 
B cells to stimu late production of 
antibodies that bind to mast cells, 
such as IgE. IU4 is also an autocrine 
growth and differentiation cytokine 
for T H 2 cells. IL-5 activates eosino- 
phils, a response that is important for 
defense against helminthic infec- 
tions. IL-4 and IL-13 are involved 
in barrier immunity, induce an 
alternative pathway of macrophage 
activation, and inhibit classical, T H 1- 
mediated macrophage activation. 
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FIGURE A-4 Principle of flow cytometry and fluorescence-activated celi sorting. The incident laser beam is of a designateci 
wavelength, and the light that emerges from the sample is analyzed for forward and side scatter as well as fluorescent light of two or more wave- 
lengths that depend on the fluorochrome labels attached to the antibodies. The separation depicted here is based on two antigenic markers (two-color 
sorting). Modem instruments can routinely analyze and separate celi populations on the basis of three or more different-colored probes. 
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From Abbas, Lichtman, & Pober: Cellular and Molecular Immunology. W.B. Saunders, 1999, Fig. 11-1 5b 



TABLE 12-3. Pathophysiologic conditions associateci with 
prevalent Th1 or T H 2 responses 

Th1 cells 

Protection against intracellular bacteria (6) 
Type 1 diabetes mellitus (39) 
Autoimmune thyroid diseases (40) 
Multiple sclerosis (41) 
Crohn's disease (42) 
Helicobacter py/or/-induced peptic ulcer (43) 
Acute allograft rejection (26) 
Unexplained recurrent abortions (59) 
T H 2 cells 

Protection against gastrointestinal nematodes (10) 
Transplantation tolerance (27) 
Successful pregnancy (28) 
Omenn's syndrome (30) 

Some idiopathic hypereosinophilic syndromes (45) 

Vernai conjunctivitis (46) 

Atopic disorders (35) 

Progressive systemic scleroderma (44) 

Sézary syndrome (47) 

Chronic graft-versus-host disease 



Cryptogenic fibrosing alveolitis (49) 
Progression to acquired immunodeficiency syndrome 



from human immunodeficiency virus infection (31,33) 
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FIGURE 9-17 Development of T H 17 cells. IL-1 and IL-6 pro- 
duced by APCs and transforming growth factor-p (TGF-p) produced by 
various cells activate the transcription factors RORyt and STAT3, which 
stimulate the differentiation of naive CD4 + T cells to the Th17 subset 
IL-23, which is also produced by APCs, especially in response to fungi, 
stabilizes the Th17 cells. TGF-p may promote Th17 responses indirectly 
by suppressing Th1 and Th2 cells, both of which inhibit Th17 differentia- 
tion (not shown in the figure). IL-21 produced by the Th17 cells amplifies 
this response. 



Fig. 1 Ovcrvicw of IL- 17 fam- 
ily ligands (IL-17A-IL-17F) 
and IL- 17 rcccptor family (IL- 
17RA-IL-17RE) rclationships 
and known functions. Previous- 
ly charactcrizcd IL- 17 receptor- 
ligand intcractions are depicted 
by black arrows. The red 
arrows reprcsent the induction 
of signaling pathways media ted 
through IL- 17 receptor-ligand 
complex formation. A question 
mark is used for unknown 
receptors, ligands, or signaling 
pathways. Each IL- 17 receptor 
subunit is composed of an 
extracellular-fìbronectin III-like 
{FnlII) domain, a single trans- 
membrane domain (TM), and an 
intracellular SEF/IL-17R 
(SEFIR) domain 
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Figure 2 | Key functions of IL-17 and its role in inflammation and matrix 
destruction. lnterleukin-17 (IL-17) acts on various cellular targets, leading to celi 
activation. The effect of IL-17 on endothelial cells leads to inflammation and 
procoagulant activity. When acting on epithelial cells and fibroblasts, IL-17 leads to 
cytokine and enzyme production. On monocytes and dendritic cells, IL-17 contributes 
to inflammation by increasing the production of pro-inflammatory cytokines. In the 
context of joint inflammation, a process that involves osteoblasts and chondrocytes, 
IL-17 activates matrix destruction in cartilage and bone. CCL20, chemokine CC motif 
ligand 20; G-CSF, granulocyte colony-stimulating factor; GM-CSF, granulocyte- 
macrophage CSF; MMP, matrix metalloproteinase; RANKL, receptor activator of 
NF-kB ligand; T H 17 f T helper 17; TNF, tumour necrosis factor. 
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FIGURE 10-10 Functions of Th17 cells. Cytokines produced 
by T H 17 cells stimulate locai production of chemokines and inflammation 
and the production of antimicrobial peptides (defensins) and promote 
epithelial barrier functions. 
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Figure 1. Cytokines and chemokines produced by human T helper (Th)17 cells and their targets. Th17 cells produce different cytokines and chemokines that are active on 
both nonimmune and immune cells. IL-17A and IL-17F induce epithelial cells, endothelial cells, and fìbroblasts to produce chemokine CXC ligand (CXCL)8, which is cruciai 
for recruitment of neutrophil granulocytes. A similar effect is induced by interleukin (IL)-22 and IL-26 on epithelial cells. Th17 cells are also able to recruit neutrophil 
granulocytes via the induction of CXCL8 production by macrophages through the combined activity of IL-17A, IL-17F and granulocyte-macrophage colony-stimulating 
factor (GM-CSF), as well as the direct production of CXCL8 and GM-CSF. IL-17A, IL-17F, IL-22 and IL-26 also stimulate epithelial cells to produce chemokine CC ligand 
(CCL)20 that results in the recruitment of Th17 cells themselves. IL-21 activates naturai killer (NK) cells and CD8* cytotoxic T cells, is a powerful B celi stimulatory factor, and 
also provides an autocrine amplification loop for Th17 cells themselves. The production by Th17 cells of tumor necrosis factor (TNF)-a and its activities are not depicted 
because TNF-a is also produced by many other celi types. 
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Figure 3 | Key functions of the IL-17-T H 17 pathway and its role in host defence. 

T helper 17 (T H 17) cells can be differentiated from naive precursor T cells (T H 0 cells) 
through antigen presentation, co-stimulation and T H 17 cell-polarizing cytokines, 
including transforming growth factor-p (TGFP) and interleukin-6 (IL-6). Both IL-23 and 
IL-1 can further amplify T H 17 celi differentiation. Fully differentiated T H 17 cells express 
severa leffector cytokines. These include IL-17A, IL-17F, IL-22, IL-26 and granulocyte- 
macrophage colony-stimulating factor (GM-CSF). IL-17A and IL-17F signal through a 
complex made of IL-17 receptor A (IL-17RA) and IL-17RC chains. Signalling though 
these receptors induces the production of ligands for CXC chemokine receptor 2 
(CXCR2) and granulocyte CSF (G-CSF). Activation through this pathway can augment 
celi proliferation and the expression of antimicrobial proteins. There are several sources 
of IL-17 that have been described to date, including T cells (yó T cells and ap T cells), 
innate lymphoid cells and naturai killer (NK) cells. 
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Figure 1. H et erogene ity in Helper T Celi 
Fates 

The helper T celi dlfferentlatìon process ìs 
initlated by signaling from dendritic celi to T 
celi in the lymph node, resultìng in dìvislon 
and differentiation. The mature helper T cells 
and their signature transcription factors are 
illustrateci. Cytokines (listed above) play a 
criticai role in the induction or repression of 
the lineages. The dìfferent helper T celi sub- 
sets have distinct protective and pathological 
roles (listed below). Host defense is orches- 
trated by the three major fates, Th1, Th2, and 
Th17. Adaptive regulatory T (aTreg) cells can 
downregulate immune responses, although a 
physiological role in vivo is yet uncertain. The 
mature helper T celi progeny must eventually 
exit the lymph node and migrate to infected 
tissue to exert their function in host defense. 
Some of the mature progeny may, instead, 
migrate to B celi follicles to promote antibody 
subclasses that wlll suit the particular Im- 
mune response. 
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Fig u re 1 . Multiple polarizing conditions permit Th9 development. Today, the classical monolithic view of T helper celi differen- 
t iat imi, in which stinuilation of naive CD4 + T cells in the presence of distinct polarizing conditions results in a homogenous and 
inflexible population of a distinct T helper celi subset, is called into question. For example, the ability to produce IL-9 was first 
linked to Th2 cells. However, recent studies reported that IL-9 can be additionally detected in the supernatants of Th9, Thl7, and 
iT,rg cells, ali developing in the presence of TGF-P in combination with the indicated cytokines. However, detailed FACS analyses 
failedto identify IL-9/signaturecytokine(Th2: IL-4,Thl7: IL-17a) or master transcription factor (iT„,: FoxP3) coexpressing T cells 
on a single-cell level. This allows the condusion that under Th2 (IL-4), Thl7 (TGF-p + IL-6) and iT rcg (TGF-p + IL-2) polarizing 
conditions, a small proportion of T cells differentiates into IL-9-producingTh9 cells. 



Figure 11. — The "Scurfy" mouse has a frameshift mutation in the 
forkhead box transcription factor, FOXP3. This results in early lethal- 
ity due to unregulated inflammation (parenchymal organs, subcutis, 
and lymphoid organs are the main sites of infiamma tory celi accumu- 
lation) due to the lack of functional T RE(; cells. Note the gross pathol- 
ogy image of a S curry mouse with marked hepato- and splenomegaly 
and evidence of subcutaneous lesions at the tail base. 



* = regulatory T-cells; n = naìve T-cells; e = effector T-cells j| 
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Figure 2. — T REG are either formed naturally by thymic ditìerentiation (nT REG ) or are induced in the periphery (iT REG ) from naive T-cells (T H 0). 
Types of iT REG include T H 3, T r l, which are CD4+CD25+FOXP3+, and CD4 f CD25TOXP3+ ìTreg. The main effector CD4+ subsetsare T H 1, 
T»2, and T n 17. The cytokines that are important in inducing these cells from ThO cells and the cytokines that these cells scerete are listed. 
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Cytokines in B celi growth and differentiation 
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Rgure 1 1 The TNF and TNFR superfamilies. Ligandsare shown in their schenatic tranamembrane form. Arrov/s indicate 
receptor interactions with solid linesforstrong binding and dashed lines for lo/y-affinity binding. Question marks indicate that 
1 cognate ligands nave not yet been identified. Dianonds represent receptor cysteine-rich dcmains and red boxes denote receptor 
cytoplasmic death donains. 




Cytokines involved in B celi homeostasis 



[B celi differentiation, survival 
and regulation of immunoglobulin 
(IgM, IgG and IgA) production] 
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Signaling by the tumor necrosis factor receptor superfamily in B-cell biology and 

disease 
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Volume 244. Issue 1. paaes 115-133. 21 OCT2011 DOI: 10.1111/j.1 600-065X.201 1 .01067.X 
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Figure 4 | APRIL exhlblts diverse blologlcal functlons on normal and mallgnant cells. Producedand secreted by 
a widevariety of celltypes (listed upper left). APRILactson both normal and malignant B cells to enhance survival. 
proliferation, APC function and class swi te h recombination atvarìoi i stages of B-cell development. A PRILalso seems 
to enhancethe survival and proliferation of various carcinomasand, like BLyS, can co-stimulateT cells under certain 
conditions.APC antigen-presenting celi: APRI La proliferation-inducing ligand: BLyS. B lymphocyte stimulator. 



Pathological role of BAFF and APRIL in various diseases 



Disease 



Observations in sub-group of patients 



Source of excess BAFF/APRIL 



Autoimmune/ allergie diseases 
Systemic lupus erythematosus 



Sjògren's syndrome 



Rheumatoid arthritis 



Multiple sclerosis 

Wegner's granulomatosis 
Bullous pemphigoid 
Myasthenia gravis 

Asthma 



Increased levels of BAFF, APRIL and BAFF/APRIL heterotrimers 
in sera. Correlatton with anti-dsDNA autoantibodies and disease 
activity. 

Increased levels of BAFF and APRIL found in sera and in salìvary 
glands. Correlation with anti-Ro/La autoantibodies, rheumatoid 
factor and total IgG. 

Increased levels of BAFF, APRIL and BAFF/APRIL heterotrimers 

found in sera and joint synovial fluid. Correlations with anti-GPI 

antibodies (APRIL) and rhematoid factor (BAFF). 

Increased levels of BAFF and APRIL found in spinai fluid and in 

neurologica! lesions. 

Increased serum levels of BAFF. 

Increased serum levels of BAFF. 

Elevated levels of BAFF in the thymic medulla may support 
pathogenic B cells present in the thymus. 
Excess serum levels of BAFF in IgE- and non-I gE-associated 
disease. Correlated with severity of asthmatic symptoms. 



T cells, DCs and probably 
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T cells, macrophages and 
epithelial cells 

Macrophages, DCs and 
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Astrocytes and monocytes 

? 
? 

Macrophages, DCs, 
lymphocytes and epithelial cells 

? 



Infectious disease 
Epstein-Barr virus (EBV) 

Human immunodeficiency virus 

Hepatitis C infection 



EBV-encoded LMP1 induces abnormal expression BAFF and B cells 
APRIL by B cells, which might confer susceptibility to cancer. 
Elevated BAFF levels in infected patients. Associated with anti- Myebid cells 
phospholipid autoantibodies. 

Elevated BAFF in sera. Associated with HCV-related SLE, ? 
artralgia and vasculitis. 



Cancer 

Hodgkin's lymphoma 
Non-Hodgkin's lymphoma 



B-cell chronic lymphocytic 
leukaemia 
Waldenstròm's 
macroglobulinaemia 

Multiple myeloma 



Elevated BAFF and APRIL in tumour environment. Binds to TACI 
and BCMA on malignant B cells, conferring increased survival. 
Elevated BAFF in tumour environment and sera. Binds to TACI 
and BAFF-R on malignant B cells, conferring increased survival. 
Higher BAFF levels correlate with aggressiveness of tumour and 
poor disease outeome. 

Elevated BAFF and APRIL in tumour environment and sera. Binds 
to TACI and BAFF-R on malignant B cells, increasing survival. 
Elevated BAFF in sera and bone marrow environment of tumour. 
Binds primarily to BAFF-R and TACI on tumour, enhancing 
survival. BAFF induces IgM production by tumour. 
Excess BAFF and APRIL in sera and bone marrow environment of 
tumour. Binds primarily to BCMA and TACI on tumour cells, 
enhancing survival. Low TACI expression by cancer associated 
with bad prognosis. 
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Libie 3. Molecules in development to target BAFF/APRIL 
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Mechanism of action of belimumab 
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Immunopathogenesis of systemic lupus erythematosus. Autoantibodies form immune complexes with circulating autoantigens. 
Complement binds to autoantibody-antigen complexes and deposits in tissues to trigger inflammatory responses. 
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LIGHT/LTap 
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TRENDS in Immunology 



Figure I. TNF family molecules implicateci in driving inflammatory and autoimmune disease. The figure depictstheTNFSF and TNFRSF molecules that control disease in 
experimental models in the mouse. The figure is compiled using data reporting either a substantial or a partial block in symptoms in mice deficient in eitherthe TNF family 
ligand or the TNFR family receptor, and/or in wild-type mice treated with neutralizing antibodies to the ligand or receptor. 



ESITI DELL' INFIAMMAZIONE ACUTA 



A) GUARIGIONE 

• Risoluzione : Le cellule danneggiate vengono rigenerate, sono del 
tipo originale ed è ripristinata la funzione originale 

• Riparazione o organizzazione fibrosa: rimozione dell' essudato 
infiammatorio e sua sostituzione con tessuto connettivo (fibrosi) 
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Nature Reviews | Immunology 

La risoluzione comporta 

• la neutralizzazione o la perdita di attività dei mediatori chimici 

• il ripristino della normale permeabilità vascolare 

• la cessazione dell' infiltrazione leucocitaria 

• la morte (principalmente per apoptosi) dei neutrofili 

• la rimozione di liquido e proteine, leucociti, agenti estranei e detriti necrotici dalla sede 
di danno. 

I linfatici e i fagociti svolgono un ruolo essenziale in questi eventi. 
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Table 1. Gene Products Required to Maintain Basai Anti-inflammatory Tone 



Funaio rial Class 


Gene Produci 


Regulation of Apoptosis and Clearance of Apoptotic Celb 


Fas. Fas. C1 a. C1a. C2. C4. C4. C3. C4 BP. factor H. Crrv. SAP. DMAse L 
DNAse IL FcyRHB. WASP. WASP, c-mer. caspase 8, TIPE2 


Cytokines and Celi Surrace Receptors 


TNFR1 . TNFR1 , TGF-61 , IL-2Ra, IL-2, IL-10, IL-10R. GM-CSF. GM-CSF, IL-1 Ra, 
IL-1Ra. TcRa, TcR 6, MHCII, CTLA4, PD1 . TACI , agB7 (CD103), av htegrin 


Other Membrane or Intracellular Proteins of Lymphocytes, 
Leukocytes, or Epithelial Cells Affecting Their Activation 


ZAP70, MDR1a, LAT, TSAd, SOCS1 , PI3K p1 106, PTEN, lyn, cbl-b, Gai2, SHP-1, 
SHIP, p21, TIA-1, tristetraproline, A20, NFAT, IKK-2, IKKy. IKKy, kBa. licBa, 
Rel-b. NF-kB1. NdfiDl. T-bet. Gadd45a. IRF-2. RabGEFL NOD2/CARD15. 
pvrin. crvopvrin. mevalonate kinase. FoxM. Foxo3a p120-catenin. RXRot/B. 
JunB/cJun. TRAF6. CAT2. PSTPIP*. PSTPIP2. a-mannosidase-ll. RUNX3. 
SH3BP2, TAK1, XBP1 


Other 


Heme oxygenase 1, surfaaant protein D, STAMP2, miR-223 



Proteins encoded by genes whose mutatbn leads to spontaneous inflammatory states not attributable to infection or autoimmunity. Human produets 
are underlined; others are mouse. For abbreviatbns and references, see Table S1 . This table is updated from Nathan (2002). 
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ESITI DELL' INFIAMMAZIONE ACUTA 



© 

RISOLUZIONE 



Ritorno alla normalità della sede 
interessata dall' infiammazione: 

• danno di scarsa entità, 

• cellule in grado di rigenerare. 



Mediatori 

LESIONE 




GUARIGIONE 
Rigenerazione 
| Cicatrizzazione 



Sostituzione con tessuto connettivo 
(fibrosi): 



i 



GUARIGIONE tramite sostituzione con tessuto connettivo (fibrosi) 

Avviene: 

1 . dopo un danno tissutale di notevole entità, 

2. quando la lesione infiammatoria colpisce tessuti che non sono in grado di rigenerare 

3. quando vi sia un abbondante essudato ricco di fibrina. 



Quando 1' essudato fibrinoso nei tessuti o in cavità sierose (pleura, peritoneo) non può essere 

adeguatamente eliminato, il tessuto connettivo cresce nell' area dell' essudato, con conseguente 
formazione di una massa di tessuto fibroso, un processo detto anche organizzazione. 

In molte infezioni piogene vi può essere un' intensa infiltrazione di neutrofili con liquefazione dei 
tessuti, che porta alla formazione di pus. Il tessuto distrutto è riassorbito e infine sostituito da 
fibrosi. 



ESITI DELL' INFIAMMAZIONE ACUTA 



A) GUARIGIONE 

• Risoluzione : Le cellule danneggiate vengono rigenerate, sono del 
tipo originale ed è ripristinata la funzione originale 

• Riparazione o organizzazione fibrosa: rimozione dell' essudato 
infiammatorio e sua sostituzione con tessuto connettivo (fibrosi) 



B) PERMANENZA 

f Come an gioflogosi (permangono i fenomeni vasculo-essudativi) 

• Con evoluzione in istofloqosi : i fenomeni vascolari ed essudativi 
diminuiscono fino a cessare. Sono esaltati i fenomeni proliferativi dei 
monociti, linfociti, fibroblasti ed endoteli 




Infarction 

> Bacterial infections 
Toxins 

> Trauma 



J I r INf-LAMf'/ A I 

• Vascular changes 

• Neutrophil recruitment 

• Medìators 



Progression 




Virai infections 
Chronic infections 
Persistent injury 
Autoimmune diseases 



CHRONIC INFLAMMATION 

• Angiogenesis 

• Mononuclear celi infiltrate 

• Fìbrosis (scar) 



Outcomes of acute inflammation: 



RESOLUTION 

• Clearance of injurious stimuli 

• Clearance of mediato rs and acute 
inflammatory cells 

• Replacement of injured cells 

• Normal function 



Healing 




FIBROSIS 

• Loss of function 



ution, healing by fibrosis, or chronic inflammation 
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SCOPO DELL' INSORGENZA DELLA FLOGOSI CRONICA: 



La reazione infiammatoria acuta non ha avuto successo e si creano 
quindi dei meccanismi più' potenti atti ad eliminare la 
causa di danno. Quindi ► funzione difensiva più' efficace. 

La f logosi cronica può essere considerata un' infiammazione di durata prolungata 
(settimane o mesi) in cui procedono contemporaneamente i fenomeni di 

infiammazione attiva, la distruzione di tessuto e i tentativi di riparazione. 



(a) Acute inflammation (b) Chronic inflammation 
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MECCANISMI DI CRONICIZZAZIONE 

- persistenza della causa. 

- materiale estraneo ineliminabile 

- virulenza dell'agente patogeno 

- scarsa capacità della prima reazione infiammatoria 
(acuta) di eliminare l'agente eziologico 

- capacità immunologiche del soggetto scarse o 
insufficienti, a causa di eventuali immunodef icit 

- la causa continua ad aggredire dall' ambiente esterno 
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INFIAMMAZIONE CRONICA 

caratteristiche 

Può essere un processo prolungato 

Può insorgere secondariamente ad una 
infiammazione acuta 



Spesso nasce come processo primario, de novo 

E' un processo infiammatorio in cui prevalgono 
linfociti, p/asmacellu/e e macrofagi 




INFIAMMAZIONE CRONICA: CAUSE (1) 



• Primaria 

- Resistenza degli agenti infettivi da 
eliminare (es. tubercolosi, lebbra) 

- Materiale endogeno (materiale necrotico) 

- Materiale esogeno (asbesto) 

- Patologie autoimmuni 

- Patologie infiammatorie croniche 
specifiche, quali il morbo di Crohn 



INFIAMMAZIONE CRONICA: CAUSE (2) 



Secondaria 

Progressione da un' infiammazione acuta 

- Favorita da suppurazione, necrosi estesa e 
drenaggio difettoso 

- Favorita dalla scarsa capacità della prima reazione 
infiammatoria (acuta) ai eliminare I agente 
eziologico 

- Favorita dalle capacità immunologiche del soggetto 
scarse o insufficienti, a causa di eventuali 
immunodef icit 

Episodi ricorrenti di infiammazione acuta 




FLOSOSI CRONICA può' : 

- persistere con i caratteri della angiof logosi (p.es. purulenta) 

- proseguire con scarsi fenomeni vasculo-essudativi ma con 
reclutamento e neoproliferazione di monociti/linfociti che 
formano un nuovo tessuto (detto istogeno), cioè' un nuovo 
tessuto infiammatorio che parte dalle cellule del sangue e dal 
tessuto coinvolto 



FLOGOSI CRONICA o ISTOGENA 




TAB. XIII. DIFFERENZE TRA INFIAMMAZIONE ACUTA 
E INFIAMMAZIONE CRONICA 



Flogosi acuta 



Flogosi cronica 



prevalenza di fenomeni va- 
scolo-essudativi 


fenomeni vascolo-essudativi ge- 
neralmente più modesti; 


assente o minore la produ- 
zione di mediatori vasoattivi 
o prevalenza della loro di- 
struzione o inattivazione; 


prevalenza di granulociti 


prevalente migrazione di lin- 
fociti e monociti; 

frequente presenza di feno- 
meni di trasformazione e di 
proliferazione di monociti, di 
macrofagi e di linfociti; 

proliferazione connettivale (fi- 
broblasti e vasi); 


elevata produzione di media- 
tori vasoattivi e chemio- 
tattici per i granulociti 


prevalenza di produzione di 
fattori chemiotattici per cel- 
lule mononucleate e di fat- 
tori di attivazione di mono- 
citi e linfociti; 


presenza di fenomeni regres- 
sivi: variabile 


presenza di fenomeni regres- 
sivi: molto frequente; 


durata: di solito breve; può 
permanere come tale; può 
risolversi o trasformarsi in 
cronica 


durata: lunga; si risolve con 
fenomeni riparativi; 

deriva da una i. acuta o può 
essere cronica ab ini fio 



Chronic inflammatory tissue injury 




Figure 1 .16. Mechanisms of chronic inflammation, with adhesion of lymphocytes and monocytes to the acti- 
vated endothelium, and the eventual transmigration of these cells into the extravascular space. Activated 
endothelial cells express adhesion molecules (such as VCAM-1) that facilitate adhesion of lymphocytes and 
monocytes to endothelial surfaces, followed by their eventual transmigration. In the extracellular compart- 
ment, lymphocytes and macrophages secrete factors that stimulate extracellular collagen formation and 
perpetuate the inflammatory response. Transmigrated monocytes "mature" into macrophages. Plasma 
cells secrete various subclasses of antibodies. 



